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Hard Sums
Legend has it that the inventor of chess presented his new game to the king, who was so delighted 
with it he agreed to give the man whatever he 
asked. The inventor replied that all he wanted was 
some rice. One grain for the first square of the 
board, two for the second, four for the third and 
so on. The king was delighted that he’d bought 
such a wonderful game for a few grains of rice. 
That was until his accountant did the sums and 
realised it was all the rice in the world and then 
some. From a historical perspective there’s not a 
shred of truth in this story but it illustrates what a 
terribly poor intuitive grasp most humans have of 
exponential growth.
We’re running a story in this issue about a group of scientists 
working on an enhanced type of rice that may enable the world’s 
food production to keep pace with population. It’s great research 
and will hopefully save millions of people from a terrible death 
from starvation and perhaps even save the world from war. It’s a 
perfect illustration of why most scientists do science - to make the 
world a better place. 
But science isn’t magic. It’s a great way to optimise our use of 
resources and to solve problems but there are limits to what science 
alone can do. We as people need to do our bit too.
A town close to where I live has a sign proclaiming it as the fastest 
growing town in the region. Growth is good right? It means more 
jobs, more money, more people. But can we keep blindly adding to 
the human population and never give it a second thought?
Don’t get me wrong, I’ve no desire to cripple the economy, return 
to the Middle Ages or live in a cave. More is indeed often better. 
The reason we enjoy such a great life in the west is that our 
economies have grown and I’m all for it. I like my house and car 
and electricity. But the thing is, that quality of life on Earth is a 
complicated thing largely governed by a very simple equation
Quality of life = Resources ÷ Number of people
We can help by reducing our environmental impact, buying green 
electricity, car sharing etc. That will in effect, shore up the more or 
less constant quantity Resources. But if we substitute an exponential 
for the Number of people term, you don’t have to be Professor of 
mathematics at Cambridge to figure out what happens next.
Fortunately most estimates of human population predict that 
this will plateau by around 2050 then slowly decline. Let’s hope 
that’s the case. Then perhaps with some cool science and a bit of 
international cooperation we can ensure a happy healthy life for 
everyone. But consider for a moment the following scenario as a 
little mathematical horror story.
The world has six billion people today. If the population is growing 
by just 1.12% each year (as it is), that doesn’t sound so bad does 
it? But keep that up for 58 years and you have doubled current 
population which is another six billion people. Imagine dividing 
the home you currently live in into two flats to make room for the 
newcomers. Now suppose your kids live to be 100 years old. They 
will have to divide your house in two twice more. So now your 
whole family lives in one room. Now wait another 50 years... Well 
you get the picture.
Clearly things would never pan out quite like that in reality because 
we as Australians are wealthy and most of the world’s people are 
poor. And the poor are the ones who will inevitably do most of 
the suffering when resources become tight. But In my view at 
least, we can’t conveniently leave population out of environmental 
arguments. Nor can we just hope that better science will magically 
make the problem disappear.
Science can help us to solve the world’s problems, in fact it’s probably 
the only thing that can. But I don’t think we can just sit back and 
hope that science will always save us like a magic genie. There might 
come a point when we’ve rubbed the lamp once too often!
 A lot of lamps but not many genies! -composite image of the Earth at night. Image courtesy of C. Mayhew & R. Simmon (NASA/GSFC), NOAA/ 
NGDC, DMSP Digital Archive
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How do you manage for an animal like the eastern chestnut mouse (Pseudomys 
gracilicaudatus)? It’s a small endangered native 
rodent found in heath along the east coast 
of Australia (and nowhere else in the world), 
but we know precious little about its basic 
biology and natural history. The species has a 
patchy distribution, maintains low population 
densities and is believed to be a fire specialist as 
its numbers usually peak in the years following 
wildfires. But very little else is known about its 
resource requirements.
Where does it shelter? What characterises its refuge habitat 
and are these sites limited in the landscape? How far does 
it move from day to day? What sort of social strategies and 
behaviours does it employ to maintain a viable population 
at low density? Without this basic information it’s almost 
impossible to effectively conserve the eastern chestnut mouse. 
Which is where Felicia Pereoglou from the Fenner School of 
Environment and Society steps in. For her PhD, Ms Pereoglou is 
capturing and tracking the little mouse down in the Booderee 
National Park at Jervis Bay on the NSW south coast. The 
species was recently re-discovered in the region, which now 
represents the southern distributional limit, and supports the 
most isolated population of the species found along the east 
coast of the continent.
“I’m currently completing a radio-telemetry study of the habitat 
requirements, daily movement and social behaviour of eastern 
chestnut mice,” explains Ms Pereoglou. “The information 
gained from this investigation will provide an understanding 
of the strategies this species uses to persist at low densities. 
Knowledge of the patterns of daily movement and how they 
vary between individual animals, sexes and across seasons 
provides important clues about population social structure and 
other aspects of a species’ biology. In conjunction with habitat/
refuge site selection data, daily movement information has 
the potential to identify resources that may limit population 
densities of this threatened species.”
While the research is specifically aimed at learning how to 
better manage eastern chestnut mice, it also has important 
implications for other threatened species of native rodents 
that are rare and ‘patchy’ within their distribution, and/or 
specialise for ephemeral, fire-prone habitats. 
While radio tracking small endangered mammals sounds 
fascinating, it’s no easy task. It’s a labour-intense research 
technique, and before you radio collar and track a subject you 
have to catch it.
“No-one should underestimate how much effort goes into 
trapping and then tracking these animals,” comments 
Ms Pereoglou. “First you have to carry between 100-200 
aluminium traps (Elliot traps) out into the field, setting them 
out one every 10m over an area of 2-4 hectares and then bait 
them with a mix of rolled oats, peanut butter and fennel seeds. 
Then you have to monitor them.
“A proportion of the baited traps are inevitably triggered 
by birds or possums who eat the bait, while other traps are 
trampled by kangaroos. I also frequently catch species that are 
not necessarily wanted (such as red-bellied black snakes) or 
those that are unexpected but a pleasant surprise (such as the 
eastern pygmy possum).”
Captured eastern chestnut mice wear radio-transmitters as a 
collar attached with a cable tie, and Ms Pereoglou says each 
animal has its own personality.
“Some are easy to handle and some hate being handled and 
try and bite at any opportunity (sometime through the calico 
handling bag),” she says. “And some try and attack the radio-
transmitter collar while it’s being attached. Once the collar is 
attached, the animal is released at the point of capture and 
tracking starts the following day.”
Radio tracking involves many hours of listening to beeps at 
various frequencies and intensities, as your radio receiver gives 
Radio Mice & Poisonous Snakes
The eastern chestnut mouse with collar attached.
Photo by Wendy Hartman
The Hazardous Life of Australia’s Native Mice
David Salt
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Radio Mice & Poisonous Snakes
you directional signal. It enables you to 
identify where the collared mouse is to 
about a metre accuracy. Ms Pereoglou 
says it takes practice to become a 
good radio tracker and there are often 
situations where the unexpected 
happens, and the animal being tracked 
starts doing things that are out of the 
ordinary.
“You worry when the animal being 
tracked is doing something a bit odd,” 
says Ms Pereoglou. “But usually it 
doesn’t take too long to discover what’s 
happening. For example, one day when 
I was out tracking a female mouse early 
on a summer day the receiver was saying 
the animal was below me but when I 
changed the aerial to pinpoint the exact 
location the signal would disappear and 
move off slowly. That’s very un-mouse-
like – they usually either sit still or run 
away fairly quickly and not necessarily 
quietly. In any event, I kept following 
this signal until about 50cm away in 
knee high thick heath vegetation I 
spotted a coil of a large eastern brown 
snake looped over a grass tree – there 
goes mouse 6E4D0F6!
“On a different occasion I felt sure 
another mouse had been eaten or had 
discarded its transmitter collar because 
it was moving around in an area that 
was atypical mouse country. I persisted 
and, with the assistance of two other 
researchers, we crawled through some 
very thick vegetation (full of ticks) to 
try and find the mouse and/or collar. 
As I was trying to confirm the direction 
of the best signal I looked up and saw 
a ringtail possum nest. One of the 
researchers looked inside and reported 
a diamond python was in there. The 
python slithered away and when the 
aerial was pointed directly at it, the 
signal became very strong. So we 
grabbed the python and there was a 
transmitter collar-shaped bulge inside 
its gut – there goes female 6E4EA12.”
Such is life when you’re radio tracking 
small mammals. Ms Pereoglou reported 
a range of other mishaps: a few other 
predation events, some shed collars, and 
a mouse caught in a vine.
“At least I can say it’s never dull,” she 
comments. “There’s lots of interesting 
information being discovered all the 
time – predator-prey interactions, 
predation rates, habitat selection, social 
interaction, nest sharing and daily 
movements.”
“And as each radio-tracking day takes off 
I’m sure I’m thinking the same thought 
that mice trackers have pondered before 
me: “I hope this time my mouse is near 
the track…”
The radio collars worn by the mice. (Photo by Christopher MacGregor)
The tracking on one day led to this 
diamond python - there goes mouse 
6E4EA12. Photo by Christopher 
MacGregor
Felicia Pereoglou
Volum
e 6 N
o. 5
6
Australia and New Zealand have recently signed up to the world’s largest ocean 
research program - The Integrated Ocean 
Drilling Program (IODP). IODP is a multi-
national scientific collaboration aimed at 
extracting data from core samples taken at 
numerous points throughout the world’s 
oceans. Data from these cores can be used 
to answer a wide range of questions about 
everything from the processes that shaped 
the Earth’s surface to marine biology and the 
effects of climate change.
Dr Mike Gagan of the Research School of Earth Sciences is 
one of the scientists involved in IODP. He’s currently preparing 
for an upcoming project to obtain core data from Australia’s 
Great Barrier Reef.
“The Great Barrier Reef is a very special place, not just because 
of its cultural and biological significance to Australia, but 
also because of the scientific information on the Earth’s past 
climate we can glean from its corals.” Dr Gagan explains.
How the Great Barrier Reef Records Climate History
Core Data on Climate
What makes the reef so special from a scientific perspective is 
that it lies in tropical waters very remote from the ice caps and 
has had a heavy coral cover for many thousands of years. Its 
tropical location means that the crust below the reef has not 
been depressed by millions of tons of ice in the geologically 
recent past. So unlike Europe, the crust is not still rising after 
the last ice age and consequently, scientists can obtain reliable 
data on the historical depth of sea water there.
This makes the Great Barrier Reef an excellent measure of 
what’s known as the eustatic sea level – the actual volume 
of water in the Earth’s oceans. The reef has ancient coral at 
depths of over 100m. Since corals only grow near the ocean 
surface, this indicates that the sea level was very significantly 
lower in the past. It’s sobering to think that melting glacial ice 
caused the sea to rise 100m in the last 20,000 years and that 
there’s a whole lot more ice still out there!
Core samples taken from the reef can be very accurately dated 
because the corals absorb natural uranium from the seawater 
and over time this decays to thorium. The uranium to thorium 
ratio gives an indication of the age of the sample. When these 
data are combined with the position of the sample in the drill 
Tim Wetherell
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core, it’s possible to build up a picture of the change in sea 
level over time. 
The resulting sea level data provide a good measure of the 
volume of ice on the planet and hence the global temperature. 
But what’s really exciting about this work is the potential 
to determine sea temperature and even rainfall for Eastern 
Australia going back 20,000 years. This is all made possible 
by the biochemistry of the tiny polyps that make up living 
coral. As they feed, grow and secrete their mineral skeletons, 
they take up oxygen isotopes and trace elements such as 
strontium. 
The amount of strontium absorbed by the polyps is strongly 
affected by the water temperature, so by measuring strontium 
concentrations in the core samples, scientists can determine 
the local sea temperature at that time. Amazingly, when this 
is done with fine enough resolution, a curve emerges showing 
the water temperature cycle from summer to winter each year, 
yielding an extraordinarily accurate and detailed measure of 
the surface temperature of the sea.
“The great thing about coral is that it only grows close to the 
surface where there is ample light. This means we know the 
data we derive from these cores is genuinely representative of 
the temperature of the ocean surface at that particular point,” 
Dr Gagan says.
Extraction of rainfall information from the same samples 
is possible because of the behaviour of different oxygen 
isotopes. The vast majority of atmospheric oxygen is 16O but 
there is a small amount of 17O and 18O too. Water molecules 
incorporating 18O are heavier and therefore very slightly less 
likely to evaporate than those containing 16O. This means that rainwater has a lower proportion of 18O than seawater. 
When rain falls on the sea the incoming 16O water dilutes 
the concentration of 18O water molecules naturally present. 
Organisms like coral incorporate the different oxygen isotopes 
into their skeleton depending on their abundance so measuring 
the isotope ratio gives scientists a measure of local rainfall.
“If the operation goes as we plan, with this data set we should 
be able to build up a superbly detailed picture of the climate 
of eastern Australia over the last 20,000 years revealing 
everything including El Niño cycles. What we’re really keen 
to see is how well past changes in climate correspond with 
climate simulations derived from current models. If they tally 
well it really adds weight to future climate predictions and 
we hope this will provide an additional impetus to address 
environmental issues like emissions.”
Knowing how the reef has responded to changes in the past 
will also greatly help scientists to understand how it’s likely to 
react to the current threats it faces. And that knowledge may 
be vital in helping to ensure the survival of one of Australia’s 
greatest natural assets.
Above: The Chikyu, an ocean-going vessel devised solely for 
the Integrated Ocean Drilling Program
Left: Senior Technical Officer Joan Cowley, Dr Mike Gagan 
and PhD student Julie Mazerat in the RSES stable-isotope 
laboratory. 
Aside from their scientific value, coral reefs support a spectacular 
variety of marine life. Scientists are worried that rising sea 
temperatures and other stresses are causing extensive coral 
bleaching. A process where coral polyps expel the symbiotic algae 
that live in their tissues. Photo Richard Ling (www.rling.com)
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A s climate change begins to tighten its grip on the world, many regions including 
Australia, are starting to experience increasingly 
erratic weather patterns. Most climate models 
predict that the vast wheat growing areas of 
Southern Australia will become significantly 
dryer over the next fifty years with serious 
economic implications. The 2002-03 drought 
resulted in a 20% reduction in agricultural 
income, which in turn resulted in 1.6% drop 
in GDP! Consequently anything that may help 
food crops like wheat survive dry periods has 
got to be a very good thing for Australia.
A group of plant scientists from Thailand, Argentina and 
Australia now at The Australian National University, have 
been studying a subtle mutation in Arabidopsis (a small, rapid 
growing plant) that may have important implications for 
drought resistance throughout the plant kingdom. The group 
is lead by Dr Gonzalo Estavillo and Professor Barry Pogson.
“This work actually began purely by chance when we were 
looking at different mutant varieties of Arabidopsis that had 
unusual responses to high light. We discovered a particular 
mutant, sal1, that survived longer than the normal plant under 
water deficit conditions, and seeing the obvious potential, we 
began to investigate.” Dr Estavillo says.
The sal1 mutant lacks just one protein, SAL1. Although the 
exact function of SAL1 is still debated, it’s known to be 
important to the physiology and biochemistry of plants. The 
group have been studying where the protein is located in 
the cell, its role in intracellular signalling and in regulating 
Helping to Protect Australia’s Food Supply Against Climate Change
Drought Resistant Wheat
the amount of water that travels through the plant. Their 
aim is to better understand the exact function of SAL1 and 
why its absence should improve a plants ability to withstand 
drought.
“We’re really impressed by how many processes depend on 
SAL1. For example, the regulation of the amount of water 
in the plant is governed by SAL1. The pool of plant-made 
chemicals (or metabolites) is also greatly affected in the 
plants lacking the SAL1 protein and the functioning of many 
different genes is altered. Similarly, the amounts of several key 
regulatory players in signals that control plant development 
and responses to drought are different in the sal1 mutant.”
Because of its relatively well-understood genome and rapid 
growth, Arabidopsis is a “model” plant used by many biologists 
to study the interplay of genes with plant physiology.  But 
in order to realise the great practical benefits of drought 
tolerance, the mutation must of course, occur in a food crop 
such as rice or wheat. 
If additional new genes were required to achieve drought 
tolerance in a plant like wheat, then scientists might splice the 
new gene into the existing genome. But this would come with 
the burden of extensive safety testing and also incur public 
concern about GM food stock. However, because the basis 
of this particular mutation is a missing gene not an added 
one, it’s possible to achieve the benefits without genetic 
modification; rather it can be achieved by traditional plant 
breeding techniques. This means that such mutant plants 
could potentially be introduced to commercial varieties very 
quickly.
One of the obstacles in finding a similarly impaired SAL1 
gene in wheat is that wheat has been interbred and cross 
Wheat is one of the world’s most important food crops. Image courtesy of Bluemoose
Tim Wetherell
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Lisa Chew, Nok Pornsiriwong and Gonzalo Estavillo in the plant growth room. Lisa is working as a technician on a GRDC-funded project 
to isolate SAL1 mutants in wheat using molecular techniques. Nok’s PhD project deals with the basic understanding of how SAL1 gene 
is involved in water movement across the plant.
cultivated for over six thousand years, 
resulting in a highly complex genome. 
To make matters worse, wheat carries 
between two and four copies of its DNA 
in each cell depending on the variety. 
Consequently, the scientists may have 
to find several different wheat lines that 
lack the different SAL1 genes in order 
to reach their goal of improved drought 
tolerance in wheat.
“The ultimate aim of this project is to 
develop wheat lines with improved 
drought tolerance and water use. 
The next step will be to identify 
wheat mutant plants lacking SAL1 
genes identified by molecular biology 
procedures. We expect that these 
mutants should remain green, turgid and 
photosynthetically active, producing 
more leaves, flowers and seeds during 
mild to moderate water deficit.” 
If all goes according to plan, the 
researchers will begin to introduce 
these mutant characteristics into the 
elite wheat cultivars currently used in 
agriculture.
But it’s not just crop production that 
looks set to benefit by this research. 
It may also be an important step in 
unravelling the function and mode 
of operation of different plant genes. 
The researchers are looking at what 
happens when they cross the drought 
resistant sal1 mutant with another 
mutant strain known as open stomata 
1. Plants carrying the open stomata 1 
mutation are unable to sense the plant 
hormone Abscisic Acid (ABA) released 
during stress. As a result, they fail to 
close their stomata to restrict water loss 
during drought and perish rapidly in 
dry conditions. However, when crossed 
with the sal1 mutant, the progeny 
have renewed drought tolerance. The 
researchers believe that studying the 
interplay of these two mutations may 
lead to vital clues about the complex 
action of ABA and the genes that 
control it.
Most breakthroughs in science 
come from multiple researchers and 
institutions working collaboratively and 
this SAL1 research is no exception.
“Our group is part of the Australian 
Research Council (ARC) Centre of 
excellence for Plant Energy Biology 
along with the University of Western 
Australia and the University of Sydney. 
We are also collaborating with Dr 
Crispin Howitt and other scientists at 
CSIRO Plant Industry and have received 
funding from the Grains Research 
Development Council for the wheat 
project. This brings together a wide 
range of complementary facilities and 
expertise and makes this project really 
exciting to work on.”
The value of the Plant Energy Biology 
Centre and the ground-breaking work 
it performs was clearly reflected by 
a recent ARC decision to expand and 
extend the centres funding until 2013.
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A century ago, physicists did not have a satisfactory explanation of the process 
that powers the sun. Some had speculated that 
it was a giant ball of burning coal - leading to 
the rather alarming conclusion that it would 
soon burn out! Others argued that the heat 
was the result of the gravitational contraction 
of a giant ball of gas. Although this led to a 
longer calculated lifetime, it was still nowhere 
near long enough to satisfy geologists and 
biologists, who called for hundreds of millions 
of years to explain geological structures and 
the evolution of life on Earth. It wasn’t until 
the 1930’s that the mystery was finally solved, 
when physicists discovered the true source 
of the sun’s energy – the fusion of hydrogen 
nuclei to form helium.
Despite great progress since then, the mechanism of fusion 
of heavier nuclei is still not properly understood, and nuclear 
scientists today are working hard to unlock the mysteries of 
Miniature Universes Collide
Using Nuclei to Probe the Quantum/ Classical Boundary
this fundamental process. Scientists at ANU have recently 
suggested  that problematic experimental observations may 
be a result of the process of fusion being at the boundary 
between classical physics, where Newton’s laws of motion 
hold sway, and the stranger world of quantum physics.
First, let’s look at the fusion of two hydrogen nuclei in a 
classical way. Coulomb’s law of electrostatics tells us that 
the two positively charged nuclei will repel each other more 
strongly as they approach closer. If they are moving towards 
each other slowly, this repulsion will cause them to bounce 
apart long before they touch. If their velocity is high enough, 
they will have enough energy to overcome the Coulomb 
barrier (think of trying to roll a ball over a hill) and begin 
to overlap. At this point, the hugely strong but very short 
range attractive nuclear force takes over, forcing the two to 
fuse, forming a single nucleus (imagine two drops of water 
touching and merging into one).
This classical picture sounds quite straight forward, but in 
the Sun, when you plug the numbers in, it doesn’t lead to 
fusion! The thermal velocities at the centre of the sun are not 
sufficient for hydrogen nuclei to overcome their Coulomb 
barrier and fuse. And yet, as we see every day, the sun does 
shine! So how is this possible?
The answer lies in quantum mechanics. Quantum theory 
tells us that the motion of tiny particles like nuclei can be 
thought of as having a wave-like property. The wave-function 
is a mathematical expression that tells us the probability of 
finding the particle at any given point in space. 
One of the interesting things to come out of the mathematics 
of wavefunctions is that they don’t have sharp discontinuities. 
In other words they do not abruptly drop to zero at a barrier. 
This means that the wavefunction of a particle outside a 
potential barrier actually extends under the barrier, where 
classically, its energy is negative!  The wavefunction falls off 
exponentially under the barrier, so depending on its thickness, 
there is a small but real probability of finding the particle 
inside the barrier. This means that every now and again, a 
particle can pass through a classically impassible barrier, a 
process known as quantum tunnelling. Testing the superconducting solenoidal fusion product separator: 
Computer simulations of trajectories through the separator are 
shown below, with the actual pattern measured by the position 
sensitive detector at the exit of the solenoid shown above
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Quantum tunnelling is what happens 
within the sun. A minute proportion of 
the collisions of hydrogen nuclei lead 
to fusion, creating helium nuclei and 
releasing vast amounts of energy in the 
process. 
One of the key ideas in quantum 
mechanics is superposition, meaning 
that until a measurement is made a 
quantum system can exist in all possible 
states at the same time. The process of 
measurement forces the system to make 
a transition from the many simultaneous 
possibilities to a single outcome. One 
of the challenges of modern physics 
is to understand the transition from 
superposition of states (quantum world) 
to a single definite outcome (classical 
world). 
Drs Mahananda Dasgupta and David 
Hinde are two nuclear physicists at the 
ANU exploring the fusion process, and 
the light it may shed on the shadowy 
interface between the classical and 
quantum worlds.
The nucleus is a unique place in nature 
because the nuclear force that binds it 
together is so much stronger than any 
of the other 3 fundamental forces of 
nature (weak nuclear, electromagnetic 
and gravitational forces) that it 
overwhelms them. This means the 
neutrons and protons inside a nucleus 
are effectively isolated from all external 
influence. 
“The nucleus is a fascinating object 
because it’s so thoroughly isolated. Each 
nucleus is a miniature universe in itself.” 
Dr Hinde explains. “Prior to the moment 
of fusion the protons and neutrons are 
completely unaware of anything outside 
their own nucleus, then suddenly a 
whole new universe crashes in and all 
the particles re-organise themselves in 
a frantic burst of quantum activity.” The 
nuclei are in a quantum superposition 
prior to fusion, but the reorganization 
of all the constituents of the two nuclei 
is the “measurement” that leads to a 
definite outcome - fusion. The question 
is, where does this measurement process 
start?
To study this Drs Dasgupta and Hinde use 
Australia’s largest and most powerful 
heavy-ion accelerator at the ANU, 
with accelerating voltage of over 15 
Million Volts. A precisely defined beam 
of highly energetic nuclei are directed 
Dr Mahananda Dasgupta and PhD students between the accelerator beamlines used for fusion experiments
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Dr Mahananda Dasgupta assembling the position sensitive particle detectors used in fusion measurements
Miniature Universes Collide - continued ...
onto a thin target foil, where they can fuse with nuclei in 
the target to create heavier elements. After fusion, these new 
heavier nuclei evaporate some neutrons, and maybe protons, 
emit a number of characteristic gamma rays, and finally often 
decay by emitting an alpha-particle (also through quantum 
tunnelling!). “You can’t see the fusion directly but you can 
detect the products emitted following fusion.” Dr Dasgupta 
says.
However even the tell-tale fusion products are not easy to 
observe. The space between nuclei is vast even in seemingly 
solid materials, so the probability of a head on collision 
between two nuclei is miniscule. For every direct hit there 
are millions of glancing collisions that simply scatter nuclei 
out of the beam, resulting in an intense cone of scattered 
nuclei mixed with a few fusion products, all going forwards. 
To separate the two, the team have developed a powerful 
superconducting solenoidal separator that generates a strong 
magnetic field. Because the charged particles are deflected by 
the magnetic field according to their mass and velocity, it’s 
possible to focus the fusion products on their detector, and 
divert the scattered beam particles onto a stopper.
One of the most interesting results to come from this work so 
far is that the observed quantum tunnelling can be 10 times 
smaller that predicted by theory. Dr Dasgupta believes that 
this may be due to quantum decoherence. 
“As two nuclei approach each other they each exist as many 
possible quantum states superimposed together. However 
when they meet and begin to combine these possibilities have 
to condense into a single measured reality.” She explains, “So 
what we think we’re seeing is a transition from quantum to 
classical behaviour during the tunnelling process. And of 
course tunnelling is only possible in the quantum world so the 
transition to classical behaviour may be strongly reducing the 
tunnelling effect.”
The nucleus makes a particularly interesting laboratory for 
quantum physics because it’s such a pure and isolated system. 
An improved knowledge of how tunnelling nuclei behave may 
well lead us to a better understanding of what the mathematics 
of quantum mechanics actually mean in the real world.
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The United Nations Food Agency recently announced that over the coming 40 years the 
world’s food production will need to rise by 70% 
in order to feed the growing population. Failure 
to achieve this is likely to result in widespread 
famine.  This in turn, may well lead to unrest 
that spreads well beyond the borders of the 
most affected nations, so in reality, it’s likely 
to become everyone’s problem.  The difficulty 
the world faces in addressing this is that most 
of the viable agricultural land is already used 
to capacity and production is limited by other 
factors such as water availability. The general 
consensus amongst scientists is that the 
only practical way to avert catastrophe is to 
enhance the photosynthetic yield per leaf area 
of food crops. In other words, to create more 
efficient plants.
Feed the World
Trying to Unlock the Potential of C4 Rice
Most plants, including many staple foods like rice, turn sunlight 
into sugar using what’s known as the C3 photosynthetic 
pathway. In this process gaseous CO2 is combined with an 
enzyme called RuBisCO to create sugar. However RuBisCO can 
and often does, combine with oxygen instead of CO2, leading 
to a loss of efficiency particularly at higher temperatures.  
Some more recently evolved plants have developed an alternate 
photosynthetic pathway called C4 that avoids this loss of 
efficiency by using some additional chemistry to saturate the 
RuBisCO enzyme with CO2 and starve it of oxygen. This avoids 
wasteful oxygen combinations and under most environmental 
conditions, leads to a higher sugar yield in the plant. Scientists 
believe that if they can introduce this C4 photosynthesis to 
rice, they may be able to create cultivars that produce more 
crop per area than existing rice without consuming more 
water or fertilizer.
One scientist studying the possibilities of C4 rice is Professor 
Susanne von Caemmerer of the Research School of Biology. 
Tim Wetherell
Professor Susanne von Caemmerer and technical officer Scott Kwasny in one of the greenhouses
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Professor von Caemmerer is working on a project with the 
International Rice Research Institute, sponsored by a $10m 
grant from the Bill and Melinda Gates foundation. The ultimate 
aim of this work is to create C4 rice with a substantially better 
yield than existing plants, but this is a hugely complex task 
requiring multiple steps.
The basic idea is to look at millions of mutant seedlings of 
both C3 rice and C4 sorghum. Scientists expect the random 
mutations to cause some of the rice to move towards the C4 
pathway and some of the sorghum to partially revert to the 
C3. If they can identify which specimens these transformations 
take place in, they can analyse their genomes and compare 
them to conventional rice and sorghum. Seeing both the C3-
C4 and C4-C3 switch should help them to isolate the genes 
responsible for the two photosynthetic pathways.
It might sound fantastically unlikely that random mutations 
would produce a switch between photosynthetic pathways, 
but there are some good scientific reasons to think otherwise. 
“We know from studying various C4 plants that they have 
evolved from C3 plants on at least 40 separate occasions. 
So it seems highly probable that the jump isn’t a huge one 
in genetic terms.” Professor von Caemmerer explains. “We 
also know that the basic suite of enzymes involved in the 
biochemistry is essentially the same in C3 and C4 plants, so 
again we’re not talking about needing to introduce major 
changes to the plants genes.”
The plants will be grown at IRRI and at the High Resolution 
Plant Phenomics Centre co-located in Canberra at CSIRO Plant 
Industry and the Australian National University. This facility 
enables vast numbers of plants to be cultivated under highly 
specific conditions of atmosphere, water and nutrients.
But having grown a million seedlings, how do you pick out 
those with C3 or C4 pathways?
C4 plants can concentrate atmospheric CO2 within their leaf 
structures, so they can grow in low CO2 concentrations. C3 
plants on the other hand, actually lose CO2 from their leaves 
Many people depend on rice for food, and go to extraordinary lengths to cultivate this important crop. Rice terraces hewn out of mountain 
slopes in the Philippines make use of every scrap of available land. 
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under concentrations below about 50 
parts per million, ultimately leading to 
the plant’s death. By growing seedlings 
under low CO2 concentrations, the 
scientists can pick the surviving rice, 
which is likely to be displaying at least 
some C4 characteristics. The can also 
rescue any dying sorghum, which is 
likely to have partially reverted to C3.
In both cases the plant’s anatomy will 
also give clues to the pathway it’s using 
because C3 plants have a different leaf 
structure to C4. In a C3 plant most of the 
chlorophyll lies in the tissue between the 
vascular bundles. In C4 plants it tends to 
cluster around the bundles themselves 
and in addition, the bundles are more 
numerous and more closely packed.
Once a subset of seedlings displaying a 
switch in photosynthetic characteristics 
have been identified, they will then be 
subjected to more advanced scrutiny 
such as isotopic analysis. RuBisCO 
discriminates strongly against the 
isotope carbon 13. In C3 plants this 
means that air flowing over the leaves 
tends to become carbon 13 enriched as 
carbon 12 is depleted. However, the CO2 
concentration mechanism of C4 plants 
has the tendency to negate this effect 
by effectively feeding the enzyme with 
whatever carbon comes to hand, 12 
or 13. As a result, air passing over C4 
leaves has significantly less carbon 13 
than that passing over C3 leaves. This 
gives scientists a very clear indicator of 
the different photosynthetic processes 
occurring in a particular plant.
“Ultimately, this is a gene discovery 
project. We’re hoping to isolate mutants 
that appear to switch photosynthetic 
pathways. What we can then do is look 
at the genome of those plants and try to 
identify which genes are responsible for 
C4. This would be a huge help to another 
arm of the project in which scientists 
would directly splice those genes into 
existing rice cultivars,” Professor von 
Caemmerer says.
C3 (above) and C4 (below) photosynthetic pathways provide almost all the glucose that 
powers life on Earth. The C4 pathway concentrates CO2 around the enzyme RuBisCO leading 
to more efficient production of sugar in under many conditions. Plants exhibiting C4 
photosynthesis have a slightly different leaf structure to C3 plants, as the CO2 concentration 
takes place in separate tissue to the main Calvin cycle.
How science wise are you? Try  our quiz and see. 
All the answers can be found both in the stories in this edition of ScienceWise and listed on the inside cover. The 
magazine is also available on line at http://sciencewise.anu.edu.au
(1) What is the eustatic sea level?
  (A) The ideal sea level scientists would like to see the Earth have.
  (B) The true mean sea level reflecting the volume of water in the oceans.
  (C) The sea level in a geological period known as the Eustatic.
  (D) The sea level as measured by a floating instrument known as a Euostat.
 
(2) What is coral bleaching?
  (A) A process scientists use to rid coral reefs of unwanted organisms.
  (B) When corals fade due to more ultraviolet light passing through the ozone hole.
  (C) When coral polyps expel their symbiotic algae making them look white.
  (D) The process of cleaning coral prior to sale for aquariums.
(3) Does water containing oxygen 18 evaporate at a different rate to common oxygen 16 water?
  (A) It evaporates more slowly than common water.
  (B) It evaporates more quickly than common water.
  (C) It’s all water, they both evaporate at the same rate.
  (D) It depends if the water is fresh water or sea water.
(4) What are stomata?
  (A) The granular cell clumps that give fruit like pears their texture.
  (B) Pores in the leaves of plants that control intake of gases and loss of water.
  (C) Inexplicable wounds on the hands and feet.
  (D) Bundles of cells that act as stiffening to plant stems.
(5) What is the coulomb barrier?
  (A) A safety rail often used in large Van de Graaf generators to prevent electric shocks.
  (B) Electrostatic repulsion of charged particles like protons that resists their fusing together on impact.
  (C) The charge shielding the other electrons of atoms provide the inner orbitals.
  (D) The region at the edge of the solar system where the solar wind meets interstellar space.
(6) What is quantum tunneling?
  (A) A way to break quantum encryption systems.
  (B) Using a particle beam to dig through hard rocks.
  (C) Extracting electrons from deep inside molecules using magnetic fields and very low temperatures.
  (D) How quantum particles can escape from deep potential wells.
(7) What is ruBisco?
  (A) The world’s largest seed manufacturer based in the USA.
  (B) A plant enzyme central to photosynthesis.
  (C) A type of radio-transmitter collar used to track small animals.
  (D) A type of genetically modified wheat.
(8) how can you easily distinguish between plants exhibiting c3 and c4 photosynthesis?
  (A) C4 plants are able to survive at lower CO2 concentrations than C3 plants.
  (B) C3 plants are green, C4 plants red.
  (C) C4 plants are able to survive being sprayed with salty water better than C3.
  (D) C3 plants have hairy leaves whereas C4 don’t.
(9) Why is it tricky to measure the true sea level in northern europe?
  (A) It’s so cold the water is frozen most of the time.
  (B) Because the land is still rising after glacial melting at the end of the last ice age.
  (C) The crust is very thin there so the Earth’s iron core creates havoc with the sensitive instruments.
  (D) It’s close to where the gulf stream approaches the pole so there is a constant tidal swell.
(10) how much has the sea level risen in the last 20,000 years?
  (A) 35mm.
  (B) 1.6 metres.
  (C) 8.3 metres.
  (D) 100 metres.
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